Dirac notation 
inner product (ile)= f* (a) g(a) dx (flg) =(alf )* 


(s]Soan) = Dat la) (Sasi f) =a (ailf ) 


Hermitian operator A, 


Cauchy-Schwarz inequality (flAg) =(Aflg) (FIf (alg) = [Flo YP 

commutation relations [A, B] = AB -— BA [pe] =i8 

generalized Ehrenfest theorem, 

generalized uncertainty principle Se) ({A fi] ) AAAB> + (A B])| 
dt ih , ~ 2 : 


Orbital angular momentum 


classical quantities Lz = fpy — YPz L=Iw Exot = Yi p=IA=Y7L 
operators L, = —ih lee a vz| L, = “ins ‘gee L,+ [, + i 
commutation relations ee Ty = ihL. [Ly Lg] =iAL, fem La] = inl ing L.] =( 
eigenvalues = il+ijv L,=mh 1=0,1,2,..., m=0,+1,...41 
. s. 
Spin angular momentum (spin-;) 
general spin matrix, é 7 | cos@ e sind cos(0/2) —e—'? sin(0/2) 
general eigenvectors Sn=- t=. lin) = 
2 |e?sin@ —cosé e'? sin(0/2) cos(6/2) 
h = Ah\|O —-i be hil 0 
spin matrices =x Sy = = S:=- 
commutation relations Eee = iAS, Nace — ifs, [S-,S.] = inS, (s, 8.] =0 
eigenvalues S$? =as(s+1)? S,=msh s= 5; Ms = +5 
energy levels Ema = —p>B p=7,8 H= —7.BSn 
Identical particles 
singlet spin ket (| TL) -—|11)) =|0,0) 
triplet spin kets = |TT)=[1,1) 9 (I TL) +117))=[1,0) | LL)=11,-1) 
spin total wave function exclusion principle composite particle 


fermion re antisymmetric odd number of fermions 


boson = Sane symmetric even number of fermions 


Complex numbers 


0 i 


z=a+iy=re 2 =x2-iy=re j2P =z = 2 +4? = + 
Re(z) = sales Im(z) = sth go = pre’ 
2 2i 
iO 1. a—id id _ ,-id 
e? = cos@ + isind ey een ata sin 9 = = 
2 21 
etit — —| eit /2 =j eit /2 — i 
Elementary functions (a> 0,b>0) 
e"ed = et TY Ina + Inb = In(ab) ee Snel S~ 
© —2@ | es: 
e” = coshz + sinha cosh 7 = ae sinh x = —— 
cos(6 + 7) = —cos0 sin(@ + 7) = —sin®@ tan(@ + 7) = tand 
cos(@ + 7/2) = —sind sin(@ + 1/2) = cos@ tan(6 + 7/2) = —cot@ 
cos(@ — 7/2) = sin 6 sin(@ — 7/2) = —cos0 tan(@ — 1/2) = —coté 
cos(20) = cos? 6 — sin? 0 sin(20) = 2sin 6 cos 6 tan(20) = 2 tan 6/(1 — tan? 6) 
sin(A + B) =sin Acos B + cos Asin B cos(A + B) = cos Acos B $= sin Asin B 
sin Asin B = $(cos(A — B) — cos(A + B)) cos Acos B = $(cos(A — B) + cos(A + B)) 
sin Acos B = $(sin(A— B) + sin(A + B)) cos? A+ sin? A=1 
Physical constants 
Planck’s constant hb 663.107" Js Planck’s constant /27 A 1062 10-7" Je 
vacuum speed of light Cc 3.00 x 108 ms! Coulomb law constant rN 8.99 x 109m F7! 
permittivity of free space ¢9 8.85 x 107!?F m7! permeability of free space pig 40 xX 107°Hm™! 
Boltzmann’s constant k 1.3810 JK Avogadro’s constant Nm 6.02 x 1078 mol~4 
electron charge =¢. —160 2 10-" C proton charge € L602 10" 6 
electron mass Me 9.11 x 1073! ke proton mass Mp 1.67 x 107?" kg 


Bohr radius aj 5.29x107Um atomic mass unit u 1.66 x 107?’ kg 


Definite integrals for positive integers n and m 


(f(x) an odd function) 


| sin(na) sin(ma) dx = 5 Sm 
0 


an /2 
/ sin(nx) sin(ma) dx = 5 Sn (n + m even) 


—7/2 


ny 
nT 
cos? rdxz = — 
0 2 


nt 2-2 
xcos’ x dr = 


at 
3 
Als 


nT 3a0 
nT nt 
x cos? x dz = —— + — 
0 6 4 


nm [2 
/ cos? x dr = > 


—nr/2 


nm /2 3,3 
/ x? cos? ada = + le 
—n/2 24 4 


nr/2 a4 
/ z’ cos xdz = (yer — 1), (n odd) 


—nr/2 


Fora>0, n>0, m= 1: 
ve 2 2 
: e "dr =a/lr 
=O: 
I xine ld = pat? (n> 0) 
0 


[emeeas _ 1 x 3 x: so (2n = 1) antl fa. 
= for (n > 1) 


[ flzjde=2 [ f(x)da (f(x) an even function) 
—a 0 
- cos(nx) cos(ma) dx = e Onim 

: 2 


m/2 
/ cos(nx) cos(max) da = . Onm (n+™m even) 
—7/2 


nT 
: nt 
sin? edz = — 
0 2 


nt 2-2 
. nT 
[ xsin? dz = 
0 


nt — n3>71° nit 
x sin* edz = —— — — 
0 6 


4 


—nr/2 
nm [2 3,3 
i oe? sin? ada = —~ — st 
—nn/2 24 4 
nm [2 


n/2 


a” cosadx = (—1)"/* 2rn, — (n even) 


CO 
[ ve "daz =n! 
0 


/ eo kt dz = ne" /4 (k real) 


ml=1x2x---xn Ol=1 


